l i c a t i o n s f o r a-Si s o l a r c e l l s , were deposited on soda lime glass a t the r e l a t i v e l y low temperature o f 200'~ from t h e anhydrous Sn Cl4-O2 reaction system by plasma-enhanced chemical vapour deposition (PEcVD).
Typically, the f i l m s have a sheet resistance of 50 ohm per square with an average o p t i c a l transparence of more tnan 9046 i n t h e 400-800nm wavelength range.
The i n f l u e n c e s of the main control deposition parameters on e l e c t r i c a l and o p t i c a l p r o p e r t i e s of t h e r e s u l t i n g S& films were studied.
Sn02 t h i n films are c u r r e n t l y a c t i v e l y investigates since t h e i r high transparency and e l e c t r i c a l conductivity, and chemical s t a b i l i t y would be o f unique value i n numerous optoelectronic applications. These p r o p e r t i e s a r e shared w i t h o n l y a few o t h e r materials, and many techniques f o r t h e i r depositions have therefore been developed. Deposition temperature u s u a l l y ranging from 450 t o 7 5 8~ are necessary i n these processes. Sputtering i s one o f the most extensivel y used techniques f o r the deposition o f transparent conducting oxide films.
Although lower temperature a r e used i n the r f sputtering, t h e p r o p e r t i e s o f the r e s u l t i n g films a r e very d i f f i c u l t t o control. Ohandi e t al. 
Experimental
The deposition o f Sn02 films was performed i n a v e r t i c a l reactor, 30cm i n diameter. r f e x c i t a t i o n a t 13.75 MHz was used t o c~e a t e the oxygen plasma i n this system. A mechanical pump resulted i n a pressure below I O -~ t o r r . A t o t a l system pressure o f l . 5 t o r r was maintained f o r all deposition described i n t h i s work. TO obtain uniform f l l m s , the grounded pedestal, on which the samples were located, rotated at t h e speed of 10 cycles p e r minute during grow.th. Nitrogen In operation, the system was pumped down t o a base pressure o f below 10-2 t o r r . Nitrogen c a r r y i n g Sn C l 4 , oxygen and additional nitrogen were together introduced t o t h e chamber u n t i l the t o t a l system pressure o f 1.5 t o r r w a s achieved. Then, the r f power was applied. A p l a t e voltage and current o f 1200.V and 70mA,respectively, were maintained during these experiments. This was followed by plasma e x c i t a t i o n f o r the desired deposition time. 1.5rnm t h i c k 4.0 X5.0cm soda lime glasses, on which Sn02 f i l m s were deposited, were employed. The subs t r a t e temperature w a s monitored during the growth run f o r evidence o f change.
For o u r work, t h i s temperature changed by l e s s than Io0C over an e n t i r e run.
3. R e s u l t s and Discussion 3.1 F i l m s o f undoped Sn02 prepared by PECVD at optimum growth conditions a r e f a i r l y uniform. Scanning e l e c t mm mic mgraphs a t 10,000X magnification exhi b i t a very fine-grained s i z e of about 0 . 2~~. X-ray d i f f r a c t i o n p a t t e r n s reveal t h a t t h e f i l m s a r e p o l y c r y s t a l l i n e , and do not show prefered o r i e n t a t i o n .
The e f f e c t s o f deposition v a r i a b l e s on film p r o p e r t i e s were explored t o f i -
nd optimum p r e c e s s conditions. The v a r i a b l e s include source and s u b s t r a t e tem-)eratures, r e a c t a n t and c a r r i e r gas flow r a t e s , and growth P a t e s of t h e f i l m s . 
According t o Rideal-Eley mechanism, t h e r e a c t i o n o f Sn C l 4 h a s been found t o take place at t h e s u r f a c e o f t h e s u b s t r a t e with an absorbed oxygen atom. obviously, when t h e e x c i t a t i o n power i s given, i n c r e a s i n g Sn C l 4 vapour r e a c t s t o fixed atomic oxygen on t h e surface of t h e s u b s t r a t e , forming Sn02 f i l m w i t h
i n c r e a s i n g thickness. However, r e a c t o r operation at Sn C l 4 flow i n excess of 2.5 lmin-'led t o formation o f l a r g e amounts o f p a r t i c u l a t e m a t t e r i n t h e system, r e s u l t i n g i n hazy films. This appears t o be the l i m i t i n g f a c t o r f o r the i n c r e as i n g i n NZ flow c a r r y i n g Sn Cl4. o f of more than 90% and low sheet r e s i s t a n c e / l e s s than 60 ohm pec square. A t higher oxygen flow r a t e s (more than 1.0 lmin-' ), the deposition r a t e was high and the f i l m s become foggy, r e s u l t i n g i n a increase i n resistance, a decrease i n transmission and hence i n figure o f merit a s shown i n Fig.3 .
FIC.5. Transmission s p e c t r a f o r t h r e e
SnO f i l m s made a t t h r e e d i f t e r e n t O2 f l o y l r a t e s : a --4 . 2 lmin 1 b --4 . 4 lmin--l c---0.85 lmin I t i s well-known t h a t the-o n l y way t o o b t a i n good t r a n s p a r e n t conductors i s t o c r e a t e e l e c t r o n degeneracy i n a wide band gap ( g r e a t e r than 3eV) oxide by F i n a l l y , fast and low temperature (400'~) annealing w i t h forming gas i n an open q u a r t z tube system was e f f e c t i v e l y employed t o i n c r e a s e t h e c o n d u c t i v i t y o f t h e f i l m deposited not a t t h e optimum conditions. It w a s also observed t h a t annealing h a s a minor i n f l u e n c e s on t h e f i l m o f t h e optimum growth condition.
3.3
The surface compositions o f Sn02 f i l m s were observed w i t h X-ray photoelect r o n spectmscopgr (xPs). From XPS measurements, i t i s found t h a t elements e x i s t i n g on t h e surface o f Sn02 f i l m s were S n ( I V ) , Sn(11), Oand C. Chlorines were n o t observed on t h e surface, which may be incorporated i n t o Sn02 l a t t i c e e i t h e r i n t e r s t i t i a l l y o r s u b s t i t u t i o n a l l y (49. According t o t h e t r a n s p o r t p r o p e r t y modelf 5 1, f r e e c a r r i e r s may be trapped on surface states. These s u r face s t a t e s here were i d e n t i f i e d t o be ~n ( I 1 ) .
3.4 F-doped S O 2 f i l m s were a l s o made and e x c e l l e n t results were obtained. Freon, as F dopant, w a s used t o pmduce F-doped Sn02, which g r e a t l y decrease t h e sheet r e s i s t a n c e , and i n c r e a s e t h e o p t i c a l t r a n m i s s i o n of t h e f i l m s . 'fYpica1-l y , t h e F-doped Sn02 f i l m s have a sheet r e s i s t a n c e o f 20 ohm p e r square and an average o p t i c a l transmission o f more t h a n 90% i n t h e 400-800nm wavelength range. F u r t h e r e f f o r t s are been done on t h e F-doped Sn02 films. ohm p e r square and average transmission o f more t h a n 90% were obtained at o p t imum oonditions. The F-doped Sn02 f i l m s e x h i b i t e x c e l l e n t sheet r e s i s t a n c e and o p t i c a l tr&maission. T h i s new technique h a s t h e advantages o f &mple apparatus, low d e p o s i t i o n temperature, and good repmducibity. W e can conclude t h a t the Sn02 filmmade by PECVD, which are used as t r a n s p a r e n t e l e c t r i c a l l y conducting a n t i r e f l e c t i o n f i l m s o f a-Si s o l a r c e l l s , a r e v e r y promising materials.
